After decades of investigation, the causes of essential hypertension remain obscure. The contribution of the nervous system has been excluded by some on the basis that baroreceptor mechanisms maintain blood pressure only over the short term. However, this point of view ignores one of the most powerful contributions of the brain in maintaining biological fitness-specifically, the ability to promote adaptation of behavioral and physiological responses to cope with new challenges and maintain this new capacity through processes involving neuroplasticity. We present a body of recent findings demonstrating that prior, short-term challenges can induce persistent changes in the central nervous system to result in an enhanced blood pressure response to hypertension-eliciting stimuli. This sensitized hypertensinogenic state is maintained in the absence of the inducing stimuli, and it is accompanied by sustained upregulation of components of the brain renin-angiotensinaldosterone system and other molecular changes recognized to be associated with central nervous system neuroplasticity. Although the heritability of hypertension is high, it is becoming increasingly clear that factors beyond just genes contribute to the etiology of this disease. Life experiences and attendant changes in cellular and molecular components in the neural network controlling sympathetic tone can enhance the hypertensive response to recurrent, sustained, or new stressors. Although the epigenetic mechanisms that allow the brain to be reprogrammed in the face of challenges to cardiovascular homeostasis can be adaptive, this capacity can also be maladaptive under conditions present in different evolutionary eras or ontogenetic periods.
"Physiologists were slow in analyzing the influence of the central nervous system on cardiovascular performance, despite the fact that blanching and blushing of the face and changed beating of the heart have, since the dawn of literature, been colourfully described as the mirror of man's joy and distress" [Folkow B and Neil E, p. 307, 1971 (60) ].
UNDERSTANDING THE MECHANISMS that determine arterial blood pressure (BP) over the course of a lifetime is of major interest to many regulatory and integrative physiologists. There are fundamental questions that provoke this attention. The first is what drives a progressive increase in BP from normotensive to pathological levels? Of individuals, aged 35 to 70, sampled in a cross-sectional study from communities in 17 high-, middleand low-income countries, 40.8% had hypertension [HT; (32) ]. Second, and most importantly, what is responsible for initially triggering this rise in pressure? Considerable effort has been expended attempting to identify a fundamental fault (e.g., genes, impaired renal function, salt intake, altered hemodynamics, altered membrane permeability, etc.) causing HT (155) . However, in only 5 to 10% of hypertensives can the disorder be attributed to a specific complication (e.g., renal artery stenosis, renal failure, pheochromocytoma, hyperaldosteronism), and accordingly be classified as secondary HT. In the remaining cases in which HT has an undetermined etiology, this cardiovascular disease is referred to as primary, idiopathic, or essential hypertension (EH).
The proximal determinants of BP are cardiac output (CO) and total peripheral resistance (TPR; TPR ϫ CO ϭ BP), and the immediate factors affecting the function of the heart and vasculature have received extensive attention for their roles in the pathogenesis of HT (73, 94, 128, 138, 146, 174) . As a result of such intense scrutiny, it is recognized that EH is not a unitary disorder, but one that should be parceled into disease subtypes or syndromes caused by multiple interacting factors (27) .
The autonomic nervous system is widely acknowledged to be among the most important factors to play a key role in the pathology of EH (118) . In both animal models of HT and human EH, there is evidence that autonomic disruption is associated with both the onset and maintenance of high BP (59, 70, 119, 123, 141, 144) . Normotensive individuals with a family history of HT have increased circulating catecholamines and increased sympathetic nerve activity at rest and when challenged with physiological and psychological stressors (51, 124, 145, 202) . On the basis of both the proportion of EH patients demonstrating elevated sympathetic tone and the number of cases in which sympatholytic drugs lower high BP, Essler et al. (49) have estimated that the syndrome of neurogenic EH accounts for no less than 50% of all cases of this disorder.
Several mechanisms are proposed to be root causes for initiating increased sympathetic drive and, in turn, EH. These include exogenous stressors; chemoarterial, cardiopulmonary, and arterial baroreflex dysfunction; various humoral factors such as angiotensin, leptin, and insulin (118) ; and impaired cerebral perfusion (29, 43) . Associated with the latter possibility is the idea that central nervous system (CNS) receptors sensing low pressure (142) or hypoperfusion of the brain (29, 42) trigger enhanced sympathetic drive. Hypertension is also hypothesized to result from an upward resetting of a CNS embodied set-point that leads to increased sympathetic drive in response to what is detected as inappropriately low arterial BP (142) . Although the ideas of a CNS controller and a variable set-point driving increased sympathetic tone and BP are provocative hypothetical constructs, what still needs to be understood is how such mechanisms are instantiated in the brain and how a set-point or gain is changed to act as an ultimate cause of EH.
Recent studies from our laboratory indicate that one of the fundamental properties of the CNS-the capacity of neuroplasticity to bring about adaptations in behavioral and physiological response systems as a consequence of prior experience-can operate in the expression of HT. These new findings implicate cellular and molecular changes in components of a neural network controlling BP that are altered to result in sensitization of the response to hypertensinogenic stimuli. This invited review describes this work and discusses the implications of neuroplasticity as a key factor in the etiology of EH.
We begin this review by providing background on 1) the function of the nervous system in the regulation of BP, 2) the characteristics of neuroplasticity and its involvement in reprogramming the expression of behavioral and physiological responses controlled by the CNS (i.e., response adaptation), and 3) the nature of the brain renin-angiotensin-aldosterone (RAAS) system.
Implication of the CNS in the Regulation of BP
Investigations of a role for the CNS in the regulation of BP began in earnest about a century-and-a-half ago. Research progressed over the next 100 years by employing transections of the spinal cord and brain and then with more focused lesions and electrical stimulation to identify regions that were referred to as cardiovascular centers (reviewed in Refs. 60 and 181) . On the basis of work conducted in his laboratory in the late 1920s, Koch proposed that interruption of the peripheral nerves carrying afferent information from arterial baroreceptors caused acute hypertension because it removed a state of tonic inhibition of BP that was exerted by the CNS (reviewed by Ref. 102 ).
Beginning about 50 years ago, experimental findings began to support the idea that the CNS plays an important role in the pathogenesis of chronic HT (42) . Early studies implicating CNS-driven neurogenic HT employed techniques such as chronic electrical stimulation of the hypothalamic defense area (61) and lesions of the solitary tract nuclei [NTS; (46) ] to induce high BP. Studies showing that depletion of central catecholamines (55) or ablation of periventricular tissue surrounding the anteroventral third ventricle [AV3V; (14, 15) ] block the induction of experimental HT lent support to the hypothesis that the integrity of specific neurochemical systems and brain areas is necessary for the expression of high BP.
The application of newly developed neuroanatomical and functional techniques facilitated the identification of key brain nuclei and their related interconnectivity to define a widely distributed neural network controlling BP (see Refs. 38 and 71 for reviews). The brain receives streams of BP-relevant information from both the external and internal environments. Sensory inputs from interoceptors located at various places in the body and brain serve as indices of blood volume, BP, and extracellular osmolarity. Both afferent nerves from the viscera and systemically generated humoral factors (e.g., hormones and osmolality) participate in the process of body-brain signaling of cardiovascular relevant information. Neural input from the viscera enters the CNS either through the dorsal roots of spinal nerves or by way of the IXth and Xth cranial nerves. Both sources of sensory information enter the brain proper by way of the NTS in the caudal medulla, and from there, this information flows into a neural network controlling BP.
Among the best characterized types of visceral input affecting BP are those that derive from systemic cardiovascular receptors located on both the arterial and venous sides of the circulation. High-pressure baroreceptors, located in the carotid sinus and aorta, generate input to the brain, reflecting arterial pressure on a moment-to-moment basis. Interruption of input from arterial baroreceptors removes inhibitory influences on the sympathetic nervous system and on the release of pressor hormones (e.g., vasopressin), producing acute HT. Low-pressure baroreceptors sensing distention of chambers of the heart, great veins, and components of the pulmonary circulation act to monitor blood volume and affect autonomic and endocrine control of BP through afferent nerves to the brain (64, 69) .
Many humoral factors, such as extracellular osmolarity, hormones [e.g., ANG II and aldosterone (ALDO)], and cytokines, also impart information to the neural systems controlling BP. Hormones that cross the blood-brain barrier can exert their influence directly on components of this neural network, and substances that are excluded from the brain act through brain sensory circumventricular organs, which lack a blood-brain barrier (90) . Two of these receptive structures, the subfornical organ (SFO) and the organum vasculosum (OVLT), are located in the forebrain along the lamina terminalis (LT), and the third, the area postrema (AP), is situated on the dorsal surface of the most caudal part of the medulla. Information from multiple sources is integrated by the network to produce a coordinated pattern of hormonal and autonomic responses that is optimal to correct or minimize the effects of disruptions in cardiovascular and body fluid homeostasis in a given context (e.g., environmental setting).
The neural network controlling BP is widely distributed throughout the neuraxis. Among the commonly recognized components of this control system are the NTS, rostral and caudal ventrolateral medulla (RVLM and CVLM), motor nucleus of the vagus (MNX), parabrachial nucleus, paraventricular hypothalamic nucleus (PVN), dorsomedial hypothalamic nucleus, OVLT, median preoptic nucleus (MnPO), SFO, and spinal cord intermediolateral cell column (IML; see Fig. 1 for the locations of some of these components). Each nucleus within the network projects to other brain regions, and there are many reciprocal connections allowing both feedforward and feedback loops for information processing among the components.
Progress has been made in understanding the roles of, and interactions between, components of the neural network controlling BP. For example, medullary structures (i.e., NTS, AP, CVLM, RVLM, MNX) are importantly involved in the control of cardiac and vascular baroreceptor reflexes. The set-point for short-term BP maintenance by baroreceptor reflexes that is controlled by this hindbrain circuitry can be overridden under certain conditions, such as exercise or the presence of exogenous stressors, and reset to elevated levels by inputs that descend from structures higher in the neuraxis, such as the prefrontal cortex, amygdala, and hypothalamus (131, 170) . Within the hypothalamus, the PVN is the primary component involved in controlling BP by exerting a major influence on sympathetic tone through projections to the RVLM and the IML. The PVN receives input not only from the hindbrain but also from descending projections from structures located along the LT (Fig. 1) . It is by way of LT structures that a significant amount of the information derived from humoral factors (e.g., osmolality and hormones) is imparted to the CNS (15, 89, 91, 92, 169, 178) .
For the most part, progress in establishing the components and connectivity of the neural network controlling BP has been comparable to the advances made in defining the neural substrates of other sensory and effector systems, such as those involved in somatic motor control, the primary senses, biological rhythms, pain, pleasure, reproduction, and learning and memory. However, compared with investigating the functional role of neural networks in other research areas, cardiovascular control has lagged behind in one particular realm. Specifically, surprisingly little research has focused on the effects of experience-induced changes in the neural network controlling BP and the potential impact of neuroplasticity on the long-term regulation of BP and EH.
Neuroplasticity and Mechanisms for Adaptation and Sustained Functional Changes in Behavioral and Physiological Systems
Sixty-six years ago, Donald Hebb (79) presented a seminal hypothesis relating memory to modifications in the CNS at the level of interactions between neurons. Hebb introduced the idea that a particular type of sustained change in neural function was required for the storage of information. Specifically, he proposed that establishing and maintaining memories involved the process of increasing the functional relationship between neurons, so that activation of a neuron axon terminal coinciding with increased activity in the cell that it innervates A schematic of selected components of the neural network controlling sympathetic tone that contributes to blood pressure regulation. Represented are key descending influences from forebrain structures located along the lamina terminalis [i.e., subfornical organ (SFO), median preoptic nucleus (MnPO), organum vasculosum (OVLT)] projecting to the hypothalamic paraventricular nucleus (PVN). The SFO and the OVLT have no blood-brain barrier and are primary sites receiving information about blood-borne factors and solutes in the extracellular fluid. The SFO is the primary forebrain target for ANG II and cells in the OVLT function as osmo-or Na ϩ -receptors. The MnPO, which lies inside the blood-brain barrier, receives input from both the SFO and OVLT and probably functions to process information about the status of intracellular and extracellular fluid compartments and blood pressure. The SFO, MnPO, and OVLT all provide input to the PVN. In turn, the PVN integrates this information with input from other sources (not shown) to exert a major influence on preganglionic sympathetic neurons in the spinal cord [interomediolateral cell column (IML)] both directly and via the rostral ventrolateral medulla (RVLM). Mineralocorticoid receptors are distributed at many sites throughout the neuraxis. At the present time, it is not clear whether many of these receptors are accessed by circulating aldosterone or paracrine acting aldosterone synthesized locally (68) . Represented are some additional areas implicated in cardiovascular control. These include the area postrema (AP), caudal ventrolateral medulla (CVLM), nucleus of the solitary tract (NTS) and parabrachial nucleus (PBN), which either directly or indirectly influence activity in the RVLM. AC, anterior commissure OC, optic chiasm. results in strengthening of the synaptic connection between the two cells. In other words, a change in synaptic strength between neurons provides the physical means to represent memories laid down as a result of experience. Within a few years Hebb's hypothesis received experimental support in anesthetized rabbits, in which brief, high-frequency stimulation of the perforant pathway into the hippocampal dentate gyrus produced sustained facilitation of extracellular electrical field potentials (10) . This phenomenon, known as long-term potentiation (LTP), was demonstrated to last for months. Because the hippocampus had been implicated in processes related to learning and memory (e.g., Ref. 160) , it was a simple logical step to couple the phenomenon of LTP with Hebb's hypothesized mechanism for information storage.
LTP is not a unique phenomenon associated only with the hippocampus, but it is inducible at many sites in the nervous system (117), including sympathetic ganglia (2, 33) . By varying electrical stimulation parameters, it is possible to demonstrate different forms of neuroplasticity [e.g., low-frequency stimulation induces long-term depression (LTD) of activity] and to alter how long LTP is maintained after its induction [e.g., early-LTP vs. late-LTP; (20) ]. Changes in synaptic efficiency in the short term can be mediated by the persistence of phosphorylation of intracellular second messengers regulated by protein kinases and phosphatases, whereas long-term changes involve the synthesis of new proteins.
Changes in synaptic efficiency, related to LTP and LTD, represent only one type of mechanism involved in neuroplasticity. There are other modifiable processes that are neuroplastic in nature and that have been implicated in memory formation and maintenance. These include the growth of existing dendrites and introduction of new dendritic spines, axonal sprouting, formation of new synapses, or even the genesis of new neurons (41, 152, 153) . Neuroplasticity that depends upon controlling DNA expression is more complex and requires more time compared with neuroplasticity related to posttranscriptional or posttranslational regulation, but provides the possibility of greater permanence (189) .
Various types of functional changes have been associated with alterations in synaptic efficiency. For example, in the case of habituation, the magnitude of an initial response to a neutral (innocuous) stimulus progressively declines with successive presentations. In contrast, stimuli associated with activation of systems that defend against insult or bodily injury often will produce progressive increases in responding over the course of repetitive presentations. Such an increase in strength or magnitude is referred to as response sensitization. Habituation and sensitization are considered to be simple forms of learning (28, 96, 147) , and the neurobiological mechanisms that underlie these phenomena have been related to more complex forms of learning and memory associated with classical (Pavlovian) and instrumental (operant) conditioning (153) . The nature and role of adaptive neural modifications resulting in changes of functional capacity are studied in relation to reflex motor responses (147) , pain (148, 149) , pleasure [i.e., motivation for and reinforcement of natural rewards, as well as drugs of abuse (86, 154, 190) ], baroreflexes and chemoreflexes (99, 130) , intermittent hypoxia (37) , respiration (115) , cough (12) , stress (80) , salt appetite (136) , and exercise (129, 134) . Progress in the investigation of the role of neuroplasticity in functional systems has been most rapid in cases in which the neural pathways and related neurochemical systems associated with those functions have been defined.
RAAS and the Coupling of the Systemic RAAS with the Brain RAAS
Renin, ANG II, and ALDO are recognized to be among the most prominent and best characterized hormones involved in cardiovascular control. The elucidation of a biochemical cascade for the formation of ANG II began with the discovery of the enzyme renin (177) . Renin released from the kidney acts on a circulating glycoprotein, angiotensinogen, to generate ANG I that is then processed by angiotensin-converting enzyme (ACE, now referred to as ACE1) to form the primary effector peptide, ANG II. Circulating ANG II acts on two different G protein-coupled, seven-membrane-spanning receptors (R) [angiotensin type-1 (AT 1 R), and angiotensin type-2 (AT 2 R) receptors]. Since the discovery of renal renin, there has been steady progress in describing the biochemical characteristics, sites of synthesis and action, and functional roles of renin and ANG II. Such initial investigations of renin and ANG II defined what is now referred to as the circulating, or classic renin-angiotensin system (RAS).
Because of their actions as remarkable pressor agents, interest in circulating renin and ANG II was reinforced by the discoveries that renal HT could be modeled by constriction of the renal arteries (67) , triggering the release of renin, and that ANG II was a major stimulus for the synthesis and release of the sodium-retaining mineralocorticoid, ALDO (39, 135) . The combination of actions exerted by ANG II and ALDO led to a strong functional association of these hormones, so that they, along with renin, are now often referred to collectively as the RAAS (6) .
In recent years, several new components of the circulating RAS have been identified. A homolog of ACE1 and ACE2 removes a COOH-terminal phenylalanine from ANG II to produce ANG1-7. This peptide interacts with another ANG receptor, the Mas receptor (Mas-R), through which ANG1-7 can sometimes produce responses that increase BP (e.g., 137, 156) . However, there are relatively more reports that show ANG1-7 has actions that reduce BP so that, on balance, ACE2, ANG1-7, and the Mas-R are proposed to act as members of an anti-hypertensive or counter-regulatory arm of the RAS (6, 52, 157) . It is also notable that ANG II itself may be associated with both the hypertensive and the antihypertensive arms of the RAS since ANG II acting on AT 2 R has effects opposing those produced by the interaction of ANG II with AT 1 R (6, 52).
Studies of the circulating RAS laid the groundwork for a major phase of progress of discovering broader mechanisms and functions of these systems. It became recognized that many or all of the components of the RAS were synthesized, retained, and acted in autocrine, intracrine and paracrine fashions within many tissues and organs. These sites include the brain, kidney, vascular wall, heart, adipose tissue, hemopoietic bone marrow, lungs, and the gastrointestinal tract (6, 53) . The seminal finding that a renin-like material (iso-renin) is present in the brain spurred interest in tissue RAS (56, 63) . Subsequent work by many contributors has led to a general consensus that renin, ANG II, and ANG-R are generated de novo within the mammalian CNS and constitute a brain RAS.
Prior to the first findings indicating the likely presence of a brain RAS, studies had shown that ANG II or renin administered directly to the CNS elicit both pressor responses (21, 161) and thirst (13, 48) in several species. Because the pressor and dipsogenic actions of circulating renin and ANG II were known (57, 177) , the obvious questions that arose were does the circulating RAS exert influence on the brain, and if so, where and how? Because ANG II has a molecular mass of a little more than 1,000 Da, the circulating peptide is excluded from most of the brain and must act through one or more of the sensory circumventricular organs (90) . Studies in the dog identified the AP as a central target in which circulating ANG II elicited cardiovascular actions (54) , and in the rat, the SFO was implicated in mediating both pressor and drinking responses to blood-borne ANG II. Ablation of the SFO abolishes and significantly attenuates drinking and pressor responses, respectively, to systemically delivered ANG II (120, 167) . However, when the SFO is ablated, drinking to intracebroventricularly injected ANG II remains (23, 110) .
The SFO communicates with the rest of the brain, most notably the MnPO, PVN, and other forebrain nuclei, via a bundle of axons issuing from its ventral stalk (26, 111, 132) . AV3V lesions, which interrupt most, if not all, of the efferent projections from the ventral stalk of the SFO, significantly attenuate the pressor responses to intravenous infusions of ANG II (22) and abolish the drinking response to systemically administered ANG II (24, 25) . The same effects on BP and thirst responses to systemic ANG II occur after axotomy produced by a small knife cut beneath the SFO (108, 109) . As with SFO lesions, drinking and BP responses to intracerebroventricular ANG II remain after the knife cuts under the SFO (108). These findings led us to hypothesize that ANG II acts on the SFO in the mode of a circulating hormone, where its action is coupled to efferents from the SFO that contain and use ANG II acting in the mode of a neurotransmitter (89, 93, 107, 108) . Substantial evidence has developed to support the concept of humoral-neural coupling of the circulating RAS with the brain RAS through circumventricular organs (e.g., see Ref. 169 for review).
Circulating ANG II acts on the SFO to drive sympathetic activity through a descending multisynaptic pathway, including the MnPO, PVN, RVLM, and IML ( Fig. 1 ). Information transmitted in this circuitry reflects the levels of circulating ANG II (50) and other humoral factors, including extracellular osmolality (178) . Several neurotransmitters and neuromodulators, including ANG II (50, 87) , glutamate (88), GABA (165) , and reactive oxygen species (81), act at synapses in the chain of neurons comprising this descending pathway. Sustained changes in the actions, availability, and activity of such neuromodulators/neurotransmitters and their receptors, related intracellular messengers and transcription factors in the LT structures, PVN, RVLM, and IML may be involved in altering synaptic efficiency associated with sensitization of the hypertensive response.
Renin-Angiotensin-Aldosterone Systems Acting Centrally Produce Sensitization of the Hypertensive Response
To study the role of sensitization in the pathogenesis of high BP, we recently employed an experimental paradigm that is unique in HT research. In these studies, rats instrumented to record BP and heart rate (HR) were infused chronically with a low (non-pressor) dose of ANG II (10 ng/kg/min sc) during a 1-wk period to induce sensitization (this period is referred to as "induction"). A 1-wk rest period followed (i.e., a no-treatment period referred to as "delay") to test for the persistence of the effects of "induction" and allow for the unequivocal metabolism of any exogenous ANG II. At the end of delay, the test phase of the experiment was initiated (referred to as "expression"). During expression, the rats were administered ANG II under conditions in which the dose (120 ng·kg Ϫ1 ·min Ϫ1 sc) does not immediately elicit HT but rather increases BP very gradually to reach hypertensive levels only after several days (see below for more details and discussion of mechanisms of the so-called slow-pressor model of ANG II-elicited HT). With this induction-delay-expression experimental paradigm, it was easy to demonstrate sensitization of the HT response, since animals that were exposed to a nonpressor dose of ANG II during induction showed a significantly enhanced pressor response during expression [ (200) 
ALDO Cross-Sensitizes the Hypertensive Response Elicited by the Slow-Pressor ANG II Model
Studies have shown that central pharmacological blockade or gene silencing using si-RNA of either mineralocorticoid receptors (MR) or AT 1 R in the brain prevents both ALDO- (194) and ANG II-induced HT (84, 194) . These results indicate that ANG II and ALDO interact in the brain in a cooperative manner, so that functional integrity of both receptors is necessary for processing either ANG II-or ALDO-elicited HT. These findings prompted consideration of whether ALDO will cross-sensitize the slow-pressor ANG II-elicited hypertensive response. This was tested using the induction-delayexpression paradigm with ALDO given 750 ng/h sc during induction. After delay, the slow-pressor dose of ANG II (120 ng·kg Ϫ1 ·min
Ϫ1
) was used to test the hypertensive response during expression. As hypothesized, systemic ALDO sensitized ANG II-induced HT (Fig. 3) . Evidence that the sensitizing actions of ALDO involve the CNS was demonstrated first by showing that ALDO-induced sensitization of slow-pressor ANG II-elicited HT was blocked by intracerebroventricular administration of the MR antagonist, RU28318 (1.1 g/h), along with subcutaneous administration of ALDO during induction (Fig. 3) ; and second, by demonstrating that ALDO (10 ng/h) given intracerebroventricularly by itself during induction, sensitized the slow-pressor response to ANG II delivered during expression (201) .
MR for ALDO are widespread in the CNS (5), including the SFO (1). King et al. (98) , found that ANG II binding was increased in the septal-AV3V region in brains from rats pretreated systemically with a mineralocorticoid agonist, DOCA. Furthermore, using an in vivo electrophysiological approach, Thorton and Nicolaïdais (176) found that MnPO and medial septal neurons showed enhanced firing to iontophoretically applied ANG II when their rats were pretreated with systemic DOCA. More recently, in vitro imaging studies of dissociated SFO neurons found that overnight conditioning with ALDO enhanced the increase in [Ca 2ϩ ] i in response to ANG II (201) . Taken together, current findings are consistent with the conclusion that one-way ALDO and ANG interact cooperatively and synergistically in the CNS to produce sensitization is through actions on the same neurons.
On the basis of binding studies conducted in rat kidney, two types of receptors were described for corticosteroids (see Ref.
62 for review). The classification of Type I sites, or MR, was assigned to those that bound ALDO with high affinity, and Type II sites to those that bound the mineralocorticoid with lower affinity. The Type II binding sites in renal tissue were found to be the same as those that bind the glucocorticoid (GC), dexamethasone, with a high affinity in a number of other tissues and are referred to as glucocorticoid-R (GR).
Cortisol and corticosterone, the primary GC in humans and in mice and rats, respectively, circulate at 100-to 1,000-fold the concentration of ALDO. Consequently, under physiological conditions, the majority of MR receptors throughout the body are occupied by GC. The opportunity for interaction of ALDO with MR is afforded by the presence of the enzyme 11␤-hydroxysteroid dehydrogenase type 2 (11␤-HSD2) in cells, which converts corticosterone and cortisol to an inactive metabolite, thereby allowing binding of the mineralocorticoid to MR. As with MR, 11␤-HSD2 is expressed throughout the brain (151, 191) . The concentration of 11␤-HSD2 is highest in the fetus, progressively decreasing in neonates and into adulthood (191) . In summarizing several studies of MR and 11␤-HSD2 localization at the level of brain structures (i.e., nuclei), Gomez-Sanchez and Gomez-Sanchez (68) report that both are present in adults in the PVN, ventromedial hypothalamic nucleus, the amygdala, locus coeruleus, medial vestibular nucleus, and subcommissural organ. There is extensive discussion as to which brain regions contain individual cells housing both MR and 11␤-HSD2. On the basis of a histochemical survey of the brain, Geerling and Loewy (65) indicate that the only region where they found both MR and 11␤-HSD2 to be coexpressed in the same cells was in a portion of the NTS.
When contemplating the availability and central actions of ALDO, one alternative to consider is that ALDO might be formed and act in the brain in a paracrine fashion. In such a case, mineralocorticoids could be generated locally at concentrations sufficient to displace bound GC from MR. All of the constituents necessary for the synthesis of ALDO from cholesterol are present in human and rat brains (reviewed in Ref. 68 ).
Several Types of Treatments Cross-Sensitize the Hypertensive Response
To begin to determine whether other types of challenges are capable of inducing sensitization of HT, the ANG II slowpressor response was tested following two distinct conditions: 1) activation of the circulating RAAS following sodium deprivation and 2) suppression of the circulating RAAS following high dietary sodium (199) . Four groups of animals were studied. During 2 wk of induction, two groups were maintained on a standard diet, a third was placed on a sodium-deficient diet, and a fourth group was maintained on a diet containing 2% NaCl. After induction, all groups received normal diet, and three of the groups were given ANG II (120 ng/kg/min sc) during 2 wk of expression, while one of the two groups that were given normal chow during induction was given vehicle subcutaneously during this period. Under both conditions, in which dietary sodium was manipulated (i.e., both high-and low-salt intake), the animals responded to ANG II with significantly enhanced HT during expression (Fig. 4) . Together, these findings raise the interesting question of whether the dietary manipulations have some common aspect (e.g., both being general stressors) that induces sensitization.
Ongoing studies are testing the possibility that a wide range of challenges administered during induction can sensitize the hypertensive response. We find that intracerebroventricular administration of either leptin (193) , or a proinflammatory cytokine, tumor necrosis factor-␣ (196), or 3 wk of feeding a high-fat diet (197) sensitizes the response to ANG II-elicited HT. All of these sensitizing challenges are proposed to be prohypertensinogenic (see e.g., 47, 183) .
One of the obvious questions that was apparent to us following our initial findings of sensitization and cross-sensitization was how long can the sensitized state be sustained once animals have undergone induction? We recently began to test these limits (195) under conditions that would provide useful information about the efficacy of treatments administered during the perinatal period. It has long been recognized that challenges delivered during critical periods can have long-term consequences on physiology and behavior (106, 159) . Treatments given during the perinatal period are especially effective in producing enduring effects on biological systems, including the cardiovascular system. For example, the stress of short periods of separation of nursing rat pups from their mother produces sustained changes in the autonomic control of the heart (179) and adult BP (180) and enhances the hypertensive response to ANG II in adults (113, 114) . In this context, we recently tested whether induction of a sensitized hypertensive response can be elicited in offspring by producing hypertension in the mother during pregnancy. In these studies, aortic BP and HR were measured in mothers and their offspring by telemetry. Dams were infused with ANG II subcutaneously throughout pregnancy, and shortly after the birth of their pups, peptide delivery to the mother was terminated. The offspring were weaned at 21 days of age and given a 7-wk delay before they were studied during expression using the slow-pressor model of ANG II-elicited HT. By the end of expression (ANG II 120 ng·kg Ϫ1 ·min Ϫ1 sc for 2 wk), the male offspring of hypertensive dams showed a significantly enhanced hypertensive response (⌬41.6 Ϯ 2.6 mmHg) compared with the male offspring of dams that were infused with saline during pregnancy (⌬17.1 Ϯ 1.3 mmHg). These results indicate that a sensitized hypertensive response can be induced beginning in the prenatal period and that the underlying changes that mediate the sensitized response are sustained for a remarkably long period of time. In addition, these results indicate that perinatal programming of a predisposition toward hypertension appears to be very similar to cross sensitization of the hypertensive response seen in adults. It seems reasonable to speculate that the sensitized state producing a predisposition to HT can last a lifetime, particularly when it is induced during a critical development period.
The finding that the interval between induction and expression of the HT response can be quite long raises the interesting prospect that prophylactic interventions delivered during induction and/or delay might prevent or attenuate high BP in a manner similar to what has been shown in genetically programmed models of HT [reviewed in (103, 204) ]. For example, Harrap et al. (77) found that administering the converting enzyme inhibitor, perindopril, for several weeks to young, but not more mature rats, produced sustained reductions in the BP of adult spontaneously hypertensive rats, even after the antihypertensive treatment was stopped. In adult males and ovariectomized females, we have recently found that coadministration of estrogen along with a sensitizing dose of ANG II blocks the enhanced HT response elicited during expression (198) . Recognizing the possibility of using such prophylactic inter- ventions indicates that it will be important to explore the full range of types and times of treatments that can be administered during the induction and delay to block the consequences of sensitization of the HT response.
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Induction of Salt-Sensitive Hypertension
Dietary salt (i.e., sodium chloride) has been argued by many to be an important contributing factor to the etiology and progression of HT (e.g., 40, 116) . The likelihood of BP increasing in response to salt loading varies among humans and members of nonhuman species. Rigorously defined protocols have been used to characterize salt sensitivity (184) , and it is estimated that in the United States about 51% of hypertensive patients and about 26% of normotensives are salt sensitive (95) .
There is growing evidence indicating that regions of the brain controlling sympathetic tone play an important role in salt sensitivity (16, 85, 143) . In recent experiments, we examined whether ANG II or ALDO treatments given during induction would produce salt sensitivity (35) . These studies employed a method to test for salt sensitivity that used 2% NaCl as the sole drinking fluid (58, 112) . During induction, rats instrumented chronically to record BP and HR were given 1-wk treatments for induction with either vehicle or nonpressor infusions of either ANG II (10 ng·kg Ϫ1 ·min Ϫ1 sc) or ALDO (750 ng/h). After 1 wk of delay, the rats were given 2% NaCl as their sole drinking fluid without additional ANG II or ALDO during expression. All animals had a significant rise in BP during high salt intake. However, the increase in BP was significantly greater in those that had been treated with ANG II or ALDO during induction (Fig. 5, A and B) . When 2% saline was replaced with water, BP fell to preexposure levels. A further study showed that either ANG II (1 ng·kg Ϫ1 ·min Ϫ1 ) or ALDO (10 ng/h) administered intracerebroventricularly during induction also produces salt sensitivity (Fig. 5, C and D) .
Brain RAAS in the LT and PVN and the Sensitization/CrossSensitization of ANG II-Induced HT
As a means to assess the effects of sensitization induced by low doses of systemic ANG II or ALDO on the neural networks controlling sympathetic tone and BP, quantitative PCR (q-PCR) was used to study changes in mRNA expression within two key brain regions in different phases of the induction-delay-expression paradigm (200, 201) . In these studies the PVN and LT structures were dissected from brains at the end of delay and at the end of expression to determine changes in mRNA in animals sensitized with subcutaneous ANG II or cross-sensitized with subcutaneous ALDO. Sensitizing doses of either ANG II or ALDO produced significant increases in the expression of mRNA of many components of the RAAS in the LT at both the end of delay and after expression, but in the PVN only at the end of expression.
The patterns of increased mRNA expression differed between the sensitizing treatments. Considering first the hypertensive arm of the RAAS, at the end of delay, 1) AT 1 R, MR, and ACE 1 were all increased after either ANG II or ALDO, 2) angiotensinogen was increased only after ALDO, and 3) ALDO synthase was increased only after ANG II. The increase in AT 1 ANG II (7, 30, 31, 133, 140, 158, 186) or administration of a mineralocorticoid agonist (98, 163, 164, 187) . Although not totally unique, it is important to recognize that the capacity of ANG II and ALDO to upregulate a primary receptor is an important property of the brain RAAS. It is usually the case that agonists downregulate their receptors. The functional significance of agonist-induced receptor upregulation in the RAAS is that it constitutes a feed-forward mechanism that can participate in response amplification (sensitization) to drive a heightened hypertensive response.
Importantly, at the end of delay, there were no significant changes in mRNA expression of RAAS components in the PVN. This suggests that, at least with the parameters used to this point in our induction-delay-expression studies, LT structures, but not the PVN, are involved in the initiation of the process of sensitization. These findings do not rule out the likely possibility that the PVN and other downstream nuclei (e.g., RVLM, IML, sympathetic ganglion) may be recruited with stronger stimuli or a longer induction.
The significant increases in mRNA of several RAAS components in both the LT and PVN at the end of expression might suggest that there is a role for downstream elements during the elicitation of HT (200, 201) . However, these changes in mRNA must be interpreted with caution because of the differences in BP between the sensitized vs. nonsensitized groups that occur over the course of expression, which could be a confounding factor.
Implications of RAAS-Driven Neuroplasticity for the Sensitization of Hypertension
The systemic administration of high doses of ANG II produces an abrupt increase in BP. As reviewed by Simon et al. (166) , acute HT induced by high doses of ANG II is initially accompanied by salt and water retention and ALDO secretion (3, 18, 75) , but that the infusion of low, initially nonpressor doses of ANG II (i.e., the slow-pressor model) gradually elicits HT by means other than mechanisms related to expansion of extracellular fluid. ANG II delivered at moderately low doses that do not produce an immediate rise in BP will gradually elicit HT if the administration is maintained.
The slow-pressor model of ANG II-elicited HT was first demonstrated by Dickinson and colleagues (44, 45) in the rabbit, and then subsequently reproduced in dog (127) , rat (17) , sheep (82) , and human (3). The ability of repeated or sustained administration of low doses of ANG II to progressively shift the dose-response curve upward to produce a greater BP response was originally defined as "angiotensin auto-potentiation" (11, 66) . The capacity of ANG II to auto-potentiate or produce response sensitization is recognized for several of its actions, including contraction of vascular smooth muscle (66) , thirst (133) , and salt appetite (19) . Neuroplasticity and the upregulation of components of the hypertensive arm of the RAAS by ANG II and ALDO are another plausible example of auto-potentiation.
CNS-mediated sensitization may be an important mechanism accounting for the rapid increase in BP observed when reclipping a renal artery one or two days after it has been unclipped in rats with established two-kidney, one-clip renal HT [2K-1C; (168, 175) ]. Enhanced responsiveness to administration of exogenous renin or ANG II is also seen in unclipped 2K-1C hypertensive rats shortly after the renal artery clip is removed or the clipped kidney is ablated (4, 168, 175) . ten Berg and de Jong (175) implicated the nervous system in their renal artery clipping-unclipping study by demonstrating that after destroying the spinal cord there was no enhanced renin-induced pressor response in acutely unclipped 2K-1C rats. Taken together, the clippingunclipping studies seem to indicate that a cardiovascular control system behaved as if it had a memory for some factor induced by renal clipping. Because the 2K-1C rat model of renal HT elevates circulating ANG II chronically (121) , it is plausible that ANG II acted on and through a reprogrammed CNS to trigger a sensitized HT response when the renal artery was reclipped.
The induction-delay-expression paradigm permits a means to temporally dissociate the cellular and molecular changes involved in the process of sensitization from those responsible for the actual expression of HT. Commonly used procedures to induce experimental HT conflate multiple underlying processes involved in the induction of sensitization with those involved in the expression of the hypertensive response. Conventional methods used to elicit HT typically begin with a fixed procedure (e.g., renal artery constriction or baroreceptor denervation) or treatment (e.g., administration of a fixed dose of a pressor agent or feeding a dietary component such as high fat or salt) and then allow the consequence of the intervention to run its course until frank HT is present. As such, the progression of events before the appearance of HT is largely out of the control of the investigator. The conceptually and methodologically simple induction-delay-expression paradigm provides remarkable leverage to probe the mechanisms mediating induction vs. expression over the course of development of HT. The mechanisms involved in increasing the probability for expression of an enhanced hypertensive response as a result of CNS plasticity and those underlying the actual expression of the disorder are likely to be different with each having different time courses and unique underlying molecular and cellular processes. In addition, the inductiondelay-expression paradigm affords the opportunity to investigate the mechanisms that maintain the sensitized state across delay. Understanding these mechanisms may lead to the discovery of interventions to prevent the exaggerated expression of high BP that occurs on subsequent encounters with stimuli that elicit frank HT.
The capacity of ANG II for auto-potentiation and the discovery that very low doses of ANG II can act through the CNS to progressively sensitize its own pressor response potentially explains an apparent paradox observed in many individuals with EH. Specifically, the BP-lowering efficacy of antagonists of the RAS is not correlated with patients' pretreatment levels of circulating renin (125) . In addition, plasma renin activity does not have to be significantly elevated to maintain high BP in patients with so-called medium renin EH (reviewed in Ref. 105 ). It seems reasonable to speculate that such patients may have a CNS that was reprogrammed by prior exposure to ANG II-or some other hypertensinogenic stimulus-so that modest levels of circulating ANG II and ALDO are sufficient to elicit a sensitized hypertensive response through their actions on the brain.
Molecular Candidates Commonly Implicated in Sensitization Are Prime Candidates for Roles in the Sensitization of the Hypertensive Response
As previously noted, both sensitization and its underlying neuroplasticity have been investigated extensively over the last 40-plus years. In looking broadly across this massive body of research, there are four features common to nearly every model in which neuroplasticity is implicated in the modification of functional responses.
First, the controlling neural network seems to have at least one or two "signature neuromodulators" with unique roles in the neuroplasticity of that functional system. For example, substance P and calcitonin gene-related peptide play important roles in information signaling and in sensitization in the neural network subserving pain (148, 149, 162) . Similarly, dopamine is associated with neuroplasticity of networks involved in behavioral motivation and reward (188) . From what was described earlier, it seems that ANG II and ALDO are likely to fulfill the role of signature neuromodulators in the neural network controlling BP and are likely to play a role in the neuroplasticity affecting BP.
Second, in virtually every case that they have been studied, glutamate and glutamate receptors [particularly, N-methyl-Daspartate (NMDA-R) and (aminomethyl) phosphonic acid (AMPA-R)] are linked to neuroplasticity (34, 153) . Glutamate, acting on AMPA-R and working in concert with signature neuromodulators, is critical for producing a rapid depolarization of postsynaptic cells. This initial change in membrane potential is key to initiating the removal of Mg 2ϩ that blocks a nonselective cation channel associated with the NMDA-R. This open channel results in large increases in [Ca 2ϩ ] i , promoting further depolarization and signaling for phosphorylation of proteins that induce and maintain neuroplasticity (185) .
Third, one or more growth factors are implicated in playing multiple roles in neuroplasticity (e.g., altering membrane potentials, increasing transcription, promoting cell viability, and morphological changes). Probably, the most notable growth factor is brain-derived neurotrophic factor (BDNF), which acts through tropomyosin-related kinase B-R (TrkB-R). BDNF has been associated with almost every aspect of neural and functional plasticity (203) .
There are multiple signaling cascades activated by BDNF acting through the TrkB-R, which include the RAS-mitogen activated protein kinase (MAPK), the phosphatidylinositol 3 -kinase (PI3K)-Akt and the PLC␥-Ca 2ϩ pathways (97) . The MAPK signaling pathway plays a role in synaptic plasticity and memory (172) . Signaling through the Ras-MAPK along with other pathways can activate transcription factors, such as cAMP response element-binding protein (CREB), which binds to cAMP response elements (CRE) in DNA to effect transcription of message for several molecules, including renin, BDNF, some immediate early genes and some glutamate-R subunits.
Fourth, long-term neuroplastic changes require alterations in gene expression and the synthesis of new proteins. Transcription factors, such as c-Fos, FOSB, ⌬FOSB, zif268, and arc, are important for the synthesis of new receptors, ion channels, structural proteins, and components of enzymes that sustain enhanced excitability (e.g., increased postsynaptic AMPA-R) and structural changes (e.g., increased size of dendritic spines). For example, cellular processes controlling the synthesis and the number of AMPA-R in postsynaptic membranes are important for the long-term maintenance of plasticity (153) . Inducible transcription factors vary in the latency for onset of their expression and persistence after stimuli trigger a cascade of neuroplasticity-related cellular events (126) .
In neurons, different members of the c-Fos family of immediate early gene (IEG) transcription factors are activated by acute stimuli. The products of many IEG are induced rapidly and are degraded within a few hours. However, ⌬FOSB is one IEG that appears in neurons only after a delay, but it accumulates with repeated or sustained challenges and then declines slowly with a long persistence after the end of stimulation (126) . The sustained activity of ⌬FOSB as a transcription factor has been proposed to be a mechanism for neuroplasticity and long-term storage of information (126) .
Recent studies on the role of FosB/⌬FOSB in chronic intermittent hypoxia and BP are particularly relevant to neuroplasticity and the sensitization of a form of HT that is dependent on the integrity of the brain RAS (101) . Cunningham et al. (37, 100) have shown that chronic intermittent hypoxia (8 h/day for 7 days) increases both BP and ⌬FOSB in the SFO, MnPO, OVLT, NTS, RVLM, and parvocellular portions of the PVN. Administration of a dominant-negative mRNA construct into the MnPO to inhibit the transcriptional actions of ⌬FOSB significantly reduced the increase in BP produced by chronic intermittent hypoxia (37) .
We have investigated whether there are changes in the expression or activation of key molecular indicators of neuroplasticity in LT structures (35) . Specifically, we looked for changes in 1) two growth factors, BDNF and vascular endothelial growth factor (VEGF); 2) the TrkB receptor; 3) one of the classes of MAPK, p38 mitogen-activated protein kinase (p38 MAPK); and 4) the transcription factor CREB at the end of delay following induction with either subcutaneous ANG II or ALDO. The result of the sensitizing treatments was an upregulation of mRNA and protein for BDNF (Fig. 6, A and  B) , but not for VEGF or TrkB. There were no changes in the total amounts of protein for either p38 MAPK or CREB, but there were shifts from the unphosphorylated to the phosphorylated state for both, which is consistent with greater functional activation of these signaling molecules. In addition, following induction with either subcutaneous ALDO or subcutaneous ANG II, we have recently found increased phosphorylated protein (Fig. 6, C and D) and message for the GluN1 subunit of the N-methyl-D-aspartate (NMDA) receptor after delay (Zhang Z, Xue B, and Johnson AK, unpublished findings). Figure 7 summarizes some of the signaling mechanisms that are likely to be involved in the LT neuroplasticity underlying sensitization of HT. On the basis of ongoing studies, we believe that sensitization of the hypertensinogenic response follows several of the common "rules" of neuroplasticity that operate in other behavioral and physiological systems. Furthermore, it is reasonable to hypothesize that changes in one or more of the LT structures is responsible for increasing the magnitude of hypertensive responses following experience with hypertensinogenic stimuli. In future work, it will be important to determine in which of the LT structures the changes in message and protein occur, whether similar molecular changes are seen in more caudal components of the BP control network, the persistence of such changes, and the sequence of changes over the course of induction-delay-expression. In addition, it will be necessary to pursue other mechanisms implicated in the sustained storage of information, such as those associated with epigenetic processes.
The "Missing Heritability" of HT, Epigenetics and the Adaptive Role of Neuroplasticity
With the availability of methods to screen for genetic variants in genome-wide association studies, came the belief that genetic differences accounting for phenotypic variation associated with many complex diseases would be found. HT clusters in families and has a high heritability. Depending on the study, it is estimated that inheritance accounts for 25 to 65% of the variance in BP (27, 78, 192) . However, as with many other complex disorders, genome-wide association studies of HT find that genetic variants account for only a small portion of phenotypic variation and disease risk. Summing the incremental increases to BP contributed by each of the identified so-called "pressor genes" fails to provide a full accounting for the hypertensive phenotype (36) . Apparent discrepancies between genotypes and disorder phenotypes have been referred to as "the missing heritability of complex diseases" (122) . Several strategies have been proposed attempting to bring heritability and gene variation studies into register with one another (104, 205) . One hypothesis to account for the missing heritability component of hypertension is that epigenetic mechanisms cause the mismatch (36).
Epigenetics, literally meaning "above and beyond" the gene, was originally proposed to account, in a very broad, theoretical sense, for how the identical genetic information contained in all somatic cells comes to be differentially expressed to generate a broad array of cellular and physiological phenotypes (182) . Functionally, epigenetic processes include DNA methylation and histone modification (both referred to as "marking"), and actions of noncoding RNAs, but do not involve altering the sequence of DNA bases. Such mechanisms modifying gene expression allow cells or cell lines to become phenotypically distinct and maintain that distinction.
Since the term was first introduced, the definition of epigenetics has evolved to have varied meanings for different fields within biology (9, 74) . From one perspective, epigenetics is the study of mechanisms that produce heritable cellular and physiological traits present in daughter cells that are not due to changes in the sequence of DNA bases (150) . From this point of view, epigenetic investigation does not involve neurons because, for the most part, nerve cells in adult mammals do not divide. However, there are other points of view that extend the concept of epigenetics to consider all types of chromatin modification affecting a phenotype regardless of whether cell replication is involved. The NIH "Roadmap Epigenomics Project" takes this broader view by stating, "For purposes of this program, epigenetics refers to both heritable changes in gene activity and expression (in the progeny of cells or of individuals) and also stable, long-term alterations in the transcriptional potential of a cell that are not necessarily heritable." (http://www.roadmapepigenomics.org/overview). Marking of the components of chromatin can take place in nondividing cells like neurons to affect the proteins they express and, in turn, determine neuronal structure and function. Such biochemical modifications can be sustained for a lifetime and, as a consequence, epigenetics is recognized to be important in the neurosciences. Epigenetic mechanisms in the nervous system are investigated in the areas of behavioral development, learning, cognition, drug addiction, and psychopathology (173) . Work in this area collectively is represented by the newly emerging field of neuroepigenetics (171) .
In a recent report of a National Heart, Lung and Blood Institute working group on epigenetics and HT, the authors addressed the issue of the missing heritability of HT, focusing on the importance of epigenetic mechanisms in the pathogenesis of EH (36) . The report included several hypotheses to account for the missing heritability and made many important recommendations, including the need to pursue various approaches and entertain new hypotheses. However, the report did not discuss the role of the nervous system in EH and the potential of neuroepigenetics for understanding some forms of high BP. Recognizing the capacity that neuroplasticity and molecular memory have in the sensitization of the hypertensive response, it is reasonable to assume that neuroepigenetics will become increasingly important for gaining deeper insight into the etiology of EH. It seems reasonable to hypothesize that a portion of the missing heritability of HT not accounted for by "hypertensive genes" per se, may ultimately prove to be attributable to the heritability of genes determining neuroplasticity where chromatin has been marked by environmental experience to modify activity in the neural network controlling BP.
Summary and Perspectives
The primary purpose for developing the current review was to summarize recent findings indicating that prior experience can enhance the hypertensive response to subsequent challenges and to recognize that this form of sensitization is accompanied by sustained changes in the CNS. Converging results of several studies indicate that this sensitization involves lasting changes in the brain RAAS, as well as increased expression or activation of several molecular markers associated with CNS neuroplasticity. Thus far, the molecular changes modified in association with the induction of sensitization are found in structures of the LT that are part of the CNS neural network controlling sympathetic tone and BP. The discoveries of sensitization and memory-related processes that affect the long-term regulation of BP have important implications for understanding, preventing and treating EH.
Earlier assessments of the potential control mechanisms involved in the long-term regulation of BP questioned the importance of the nervous system in such a role. This was mainly because of a limited perspective of what the nervous system has the capacity to do. Much of the past consideration of the neural contribution to the regulation of BP was restricted to assessing the ability of arterial baroreceptor reflexes to correct perturbations in BP. For example, using an engineering systems approach led to the conclusion that baroreceptor mechanisms alone are only moderately effective over the short term (i.e., having only a modest gain) in maintaining or restoring BP and ineffective over the long term because they adapt (72) . However, dismissing a role for the nervous system in cardiovascular control on just this basis does not take into account one of the most powerful roles of the CNS-the capacity for adaptation and altering the magnitude of behavioral and physiological responses as a result of prior experience. In systems analysis terms, the demonstration that the hypertensive response can be sensitized provides an instantiation of an adaptive controller for the regulation of BP that operates in the CNS. That is, it is a controller that learns as a result of prior experience (83, 102) . Recognition that the brain can act as an adaptive controller to increase the gain of the hypertensive response as a result of neuroplastic changes must engender new views on the regulation of BP and etiology of EH.
The capacity of behavioral and physiological systems to adapt as a result of experience and deliver stronger responses to subsequent challenges has the potential to increase biological fitness. Inherent in this ability are mechanisms related to information acquisition and storage. These are recognized properties of the immune system (memory B and T cells) and the central nervous system, which are responsible for mediating experience-initiated changes in behavioral and physiological responses. Phenotypic changes in neurons can be induced by environmental experiences that entail interactions among the genome, epigenome, and nervous system and include neuronal activity-dependent mechanisms (i.e., activity-depen- dent neuroplasticity). Epigenetic changes in the nervous system are most prevalent during development, but also occur throughout life (189) . Such lifelong changes can provide adaptive plasticity and have the capability of enhancing fitness of an individual in the face of fluctuating environmental conditions (8) .
Although adaptive mechanisms can have beneficial effects, sustained or repeated activation of responses under inappropriate conditions can lead to pathology. This can be seen both in neurally based systems such as those associated with pain (e.g., hyperalgesia and allodynia) or drug abuse (e.g., drug craving) and in disordered immune responses (e.g., autoimmune disease and allergy). The same may be true for the capacity to sensitize the hypertensive response. The sensitization of pressor mechanisms may have played an important adaptive role at one point in mankind's evolutionary history or during an earlier time in the life of an individual, but a sensitized response can become inappropriate and pathogenic when evoked under different circumstances [i.e., in different evolutionary eras or under different ecological conditions (139) , or at later times in life (76) ].
HT research is in a new era. The recognition that factors beyond the genotype can interact with genes to contribute to the pathogenesis of EH in most cases (36) brings into focus the need to understand how prior environmental experiences and conditions can induce sustained changes in CNS pathways controlling sympathetic activity and a sensitized hypertensive response. To fully comprehend the etiology of EH, it will be necessary to recognize the need for a paradigm shift that involves a new perspective on the role of the CNS and, hence, new experimental approaches. Attention needs to be focused on the full capacity of the nervous system in determining the long-term regulation of BP. The induction-delay-expression experimental model has great potential for playing an important role in such anticipated and necessary explorations.
